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Objective: To investigate he agreement between colour duplex ultrasonography and digital subtraction arteriography 
of the infrapopliteal rteries. 
Design: Retrospective, blinded study. 
Setting: Vascular laboratory and Radiology Department, University Hospital. 
Methods: The infrapopliteal vasculature was examined in a total of 51 limbs by both colour duplex ultrasound and 
digital subtraction angiography. By examining all arteries from the distal popliteal to the pedal arteries, a total of 204 
individual arterial segments were available for analysis. Each segment was graded as 0-49%, 50-99% diameter reduced 
or occluded by both modalities. Using ultrasound, classification ofstenoses was achieved by observing peak systolic 
velocity ratios; a doubling of peak systolic velocity indicating a >_50% diameter reducing stenosis. Where no Doppler 
signal could be obtained, the vessel was assumed to be occluded. From angiographic studies, two radiologists separately 
and blindly assessed the extent of disease for each infrapopliteal rtery noting areas of >_50% diameter reduction and 
occlusion. The Kappa statistic was used to examine the level of agreement between angiography and ultrasound as well 
as between both radiologists. 
Results: The Kappa level (95% confidence interval) of agreement between ultrasound and angiographic assessments for 
distinguishing patent from occluded segments was 0.61 (0.49-0.74)for all segments. The equivalent agreement between 
radiologists was 0.80 (0.70-0.89). Poorest agreement was observed from ultrasound assessments of the peroneal nd tibio- 
peroneaI trunk arterial segments. 
Conclusion: Since agreement between colour duplex scanning and angiography never fell significantly below levels 
achieved between two radiologists, we conclude that colour duplex ultrasound can be used to assess infrapopliteal rtery 
patency. 
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Introduction 
Although many studies have examined the value of 
duplex ultrasonography for imaging the lower limb 
arterial tree, 1-1° few authors have ventured into the 
assessment of the infrapopliteal rteries, 8"9'1M5 and even 
fewer have examined the full length of each tibial 
and peroneal artery. 8'11'12'14'~5 Although recent im- 
provements in ultrasound scanning systems and tech- 
niques have made accurate infrapopliteal scanning 
possible, previous investigators, with the exception of 
two 14'15 restricted themselves to distinguishing patent 
from occluded infrapopliteal arteries, '9'~a-13 However, 
as Moneta et al. 12 remark, if preoperative assessments 
* Please address all correspondence to: Mr N. J. M. London, De- 
partment of Surgery, Clinical Sciences Building, Leicester Royal 
Infirmary, Leicester LE2 7LX, U.K. 
are to be made using colour duplex ultrasound alone, 
it is important o be able to detect arterial stenotic 
lesions in addition to documenting patency. The aim 
of this study, therefore, was to investigate the ability 
of colour duplex ultrasonography to recognise patent, 
stenotic and occluded infrapopliteal rteries. 
Materials and Methods 
Patients, study design and data analysis 
The study was based on a comparison of ultra- 
sonographic and arteriographic examination of the 
infrapopliteal arterial tree. For the purposes of com- 
parison, the infrapopliteal rteries were classified into 
tibio-peroneal trunk (TPT), anterior tibial (AT), pos- 
terior tibial (PT) and peroneal. All arteriograms were 
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reported by two independent radiologists o that in 
addition to comparing ultrasonography with ar- 
teriography, the agreement between two radiologists 
reporting the same film could be examined. The 
patients recruited into the study included all those 
referred for lower limb arterial angioplasty who had 
undergone a colour duplex scan within the preceding 
3 months. 
From the colour duplex scan, sites of arterial sten- 
oses, >50% diameter educed, and occlusion were 
recorded on a proforma diagram of the infrapopliteal 
vasculature. Identical forms were used by two ra- 
diologists who blindly interpreted angiographic stud- 
ies, again marking sites of occlusions and stenoses 
> 50%. Individual segments containing both stenoses 
and occlusions were considered occluded. With three 
forms completed for each limb, colour duplex in- 
vestigations could be compared to both sets of an- 
giographic forms and the level of inter-observer ror 
in interpreting angiograms could be estimated by con- 
trasting both angiogram reports. For the purposes of 
the comparative studies between arteriography and 
colour duplex ultrasound, arteriography was assumed 
to be the "gold standard". Comparisons were made 
using the Kappa (k) statistic. ~6'17 This is a chance cor- 
rected proportion of agreement for categorical data. 
Kappa values of <0.20 represent poor agreement, 0.21- 
0.40 fair agreement, 0.41-0.60 moderate agreement, 
0.61-0.80 good agreement and 0.81-1 very good agree- 
ment. Sensitivity, specificity, and accuracy were cal- 
culated using standard efinitions. ~6 
Ultrasonography 
An ATL HDI UltraMark 9 or a Diasonics Spectra 
ultrasound machine was used by one of four ul- 
trasonographers for the examinations of the infra- 
popliteal arteries. A 5 MHz probe was used to visualise 
the full length of each infrapopliteal segment. 
A scanning technique similar to that described by 
other authors was used .  8'9'11-13 This required the patient 
to be sat upright as each infrapopliteal artery was 
examined in turn. The AT can be visualised with the 
leg slightly flexed and adducted and, once identified, 
can be traced to the dorsum of the foot. From the 
medial aspect of the leg, with the leg abducted and 
again slightly flexed, the remaining infrapopliteal ar- 
teries can be viewed. Just below the knee, the TPT 
can be seen and followed to its bifurcation into the 
posterior tibial and peroneal arteries. Using minor 
probe adjustments, both of these arteries can be traced 
along the length of the medial calf, the posterior tibial 
always appearing superficial to the peroneal artery. 
Relative increases in peak systolic velocity along a 
vessel was used to judge the significance of arterial 
lesions. In agreement with previously published 
work ,  5'8'9'1~-13'15 we used a doubling of peak systolic 
velocity to represent a haemodynamically significant 
stenosis, that is, a 50% diameter eduction. 
Angiography 
Diagnostic arteriography was performed using stand- 
ard Seldinger technique. Digital subtraction angio- 
graphy (DSA) techniques were used to enhance 
images, particularly for visualisation of the distal run- 
off arteries. Positioning of the catheter and puncture 
sites, crucial to image quality, was largely guided by 
the pattern of disease and the area of disease to be 
treated. For instance, if a superficial femoral artery 
(SFA) occlusion was to be angioplastied, pictures of 
the run-off arteries were reserved until after the SFA 
had been recanalised, allowing flow to be optimised 
and the catheter to be positioned at knee level. 
Results 
A total of 42 patients were eligible for study, having 
had arteriographic and ultrasound assessments com- 
pleted within 3 months of each other. Nine patients 
had bilateral examinations, providing a total of 51 
lower limbs for comparison. The median (range) time 
delay between ultrasound and angiography as- 
sessments was 29 (1-90) days and the median (range) 
patient age was 70 (50-87) years. Approximately half 
of the patients (49%) were claudicants, the remainder 
divided between patients uffering from ulcers and/ 
or gangrene (23%) and those with rest pain (24%). A 
few patients (4%) were asymptomatic, as they were 
referred for angioplasty following an abnormal vein 
graft surveillance scan. 
Five arterial segments were not examined by ultra- 
sonography because of time constraints (two AT, two 
peroneal and one TPT). Therefore, 199 segments were 
examined by ultrasonography and, of these, all were 
considered successfully visualised. Similarly, all 199 
segments were adequately demonstrated an- 
giographically. The results of comparing arteriography 
with ultrasound and the agreement between ra- 
diologists, with respect o both vessel patency and 
to the separation of normal, stenosed and occluded 
arteries are given in Table 1. In distinguishing occluded 
arteries, it can be seen that there is good agreement 
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Table 1. Results of the Kappa analysis and the level of accuracy achieved in detecting normal (049%), stenosed (50-99%) and occluded 
(100%) infrapopliteal arteries. 
Distinguishing ormal from occluded 
arteries 
Distinguishing ormal, stenosed and 
occluded arteries 
Kappa 95% Confidence Accuracy Kappa 95% Confidence Accuracy 
value Interval (%) value Interval (%) 
Augio 1 vs. Angio 2 0.80 0.70-0.89 91 0.70 0.61-0.79 82 
Angio 1 vs. Duplex 0.61 0.49-0.74 84 0.50 0.39-0.62 72 
Angio 2 vs. Duplex 0.63 0.50-0.74 84 0.50 0.39-0.61 72 
Table 2. The sensitivity and specificity achieved by ultrasound in identifying a significant stenosis (50-99%) or occlusion (100%) in 
the infrapopliteal arteries. 
Identification f occlusions Identification f stenoses 
n Sensitivity Specificity n Sensitivity Specificity 
(%) (%) (%) (%) 
Angio 1 vs. Angio 2 63 89 92 35 69 90 
Angio 1 vs. Duplex 60 71 89 35 19 98 
Angio 2 vs. Duplex 66 70 91 33 21 98 
between radiologists and good agreement between 
ultrasonography and arteriography. Although the 
Kappa value for the agreement between the ra- 
diologists' report is 0.80 compared to values of 0.61 
and 0.63 for the agreement between ultrasonography 
and angiography, these values are not significantly 
different. Overall, ultrasound emonstrated an ac- 
curacy of 84% for the classification of patency. By 
further adding categorisation f stenosed arteries, it 
can be seen that there is good agreement between 
radiologists and moderate agreement between ultra- 
sonography and arteriography. Kappa values reduced 
to 0.70 for the agreement between the radiologists' 
reports and 0.50 for the agreement between ultra- 
sonography and angiography. However, again, these 
values are not significantly different. 
Table 2 is of a similar format, though it gives the 
levels of sensitivity and specificity in detecting oc- 
clusions and > 50% diameter reducing stenoses. Ultra- 
sonography proved both sensitive and specific for 
the classification of infrapopliteal artery occlusions, 
although, in contrast to the assessment of patency, it
produced a low sensitivity (19°/o)' ~n~the detection of 
stenosis. Indeed, it is noticeable throughout the results 
that ultrasonography appears tound~restimate disease 
compared to arteriography. By far the_~majority of 
disagreements relate to arteriography "Seeing" more 
severe disease than reported by the igreceding ultra- 
sound scan, and this is reflected by fftel iapparent 
reduction in ultrasound sensitivity. ;. ...... 
The delay between scan and arterio ram~remained g f 
consistent (median of 29 days) both for segments Where 
classifications agreed and for those where modalities 
were in disagreement. Furthermore, no significant dif- 
ference was seen between these groups in either the 
extent of proximal disease or the catheter position 
used at the time of arteriography, both of which are 
potential causes of inadequate opacification of the 
distal arteries. In disagreements regarding apparently 
occluded arteries, for example, 28% of segments had 
multi-level proximal disease in comparison with 23% 
of cases in the agreement segment group. This is 
typical of the small differences found between the two 
groups in the remaining areas. 
Looking at the results for segments individually 
(Table 3) reveals that both AT and PT arteries were 
more accurately graded by ultrasound than the tibio- 
peroneal trunk or the peroneal artery. Similarly, agree- 
ment levels between radiologists fell for these seg- 
ments, though to a greater extent for the tibio-peroneal 
trunk. 
Discussion 
Although increasing numbers of vascular centres are 
using colour duplex ultrasonography for the assess- 
ment of lower limb arterial disease, only five reports '
11,12,14,15 have investigated the ability of ultrasonography 
to examine the full length of the infrapopliteal rteries. 
Four publications concluded that with further study, 
ultrasonography has the potential to replace diagnostic 
arteriograms in this area s'11'12'15 and one 14 study using 
colour and no spectral Doppler information proved 
this an inadequate method of assessment. In this study, 
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Table 3. Kappa values of agreement in distinguishing normal (0-49%), stenosed (50-99%) and occluded (100%) arteries for individual 
infrapopliteal segments. 
Kappa values (95% confidence intervals) 
Tibio-peroneal trunk Anterior tibial Posterior tibial Peroneal 
Anglo 1 vs. Angio 2 0.55 (0.32-0.79) 0.75 (0.59-0.91) 0.73 (0.56-0.90) 0.67 (0.48-0.85) 
Anglo 1 vs. Duplex 0.43 (0.15-0.71) 0.53 (0.32-0.74) 0.53 (0.31-0.75) 0.42 (0.19-0.65) 
Angio 2 vs. Duplex 0.43 (0.14-0.71) 0.58 (0.37-0.79) 0.48 (0.26-0.70) 0.36 (0.12-0.61) 
all segments were successfully visualised by ultra- 
sound. In other studies, "unseen" infrapopliteal ar- 
teries amounted to between 3 and 9% 11'12'14'15 of those 
attempted. 
Regarding patency, colour duplex scanning proved 
84% accurate in identifying patent run-off arteries and 
produced comparable sensitivities and specificities 
(71% and 90%, respectively) t ° an average level of 85% 
achieved by Caster et al., 11 Moneta et al., 12 Hutsukami 
et al., 14 and Karacagil et at. 15 Additionally, in our study, 
colour duplex ultrasound emonstrated its ability to 
attain comparable l vels of agreement to that between 
two radiologists reading from the same X-ray films. 
Kappa levels of agreement between ultrasound and 
angiography were not substantially affected by the 
inclusion of stenosis identification, though ultrasound 
did not actually prove very sensitive to stenoses een 
angiographically. Sensitivity reduced between ra- 
diologists' evaluations, but moreover ultrasound 
achieved levels of around only 20%. Unfortunately, 
comparative figures cannot be gained from the two 
studies 14'15 to attempt visualisation of infrapopliteal 
stenoses, as too few were identified to enable analysis. 
The apparent "underestimation" of disease by ultra- 
sound is a feature of the whole study. Discrepancies 
where angiography identified isease "unseen" by the 
preceding ultrasound scan were between 2-3 times 
more common than the converse. Although a time 
delay between ultrasound scans and angiography was 
present, this average was less than I month and there- 
fore thought insufficient o account for the apparent 
progression of disease seen on the arteriograms. Con- 
trast underfilling and the subsequent inadequate 
opacification ofthe distal arteries temming from either 
proximal catheter positioning or extensive proximal 
disease are further potential causes of patent run-off 
arteries appearing obstructed. The resulting over- 
estimation of disease by angiography has been pre- 
viously reported by other authors. 8'14"18'19 Figures 1 
and 2 illustrate this further. Exact agreement is seen 
between scan and arteriogram in Fig. 1. Col- 
lateralisation and the absence of contrast clearly outline 
a PT occlusion, while the peroneal appears diffusely 
diseased. Figure 2 demonstrates how a PT artery seen 
as patent on the preceding ultrasound scan was re- 
ported as occluded angiographicalty. On closer ex- 
amination of this X-ray film, however, the PT simply 
appears underfilled. Since routine arteriograms were 
used for the comparison, with puncture sites and 
catheter placements more suited to the subsequent 
angioplasty procedurei angiographic underfilling of 
the distal arteries could have played an important role 
in the present study. However, despite observing a 
trend towards more proximal catheter positions and 
more extensive proximal disease for segments where 
ultrasound :and angiography disagree, the differences 
are not significantly different. This holds true for dis- 
agreements over patency and for disagreements in the 
classification of stenoses. 
In agreement with previous tudies, the peroneal 
artery 8'1u2'15 and tibio-peroneal trunk 9 proved the most 
difficult to assess by ultrasonography. Interestingly, 
the agreement between radiologists was also reduced 
for these arterial Segments. As in the study by Caster 
et al., ~1 we found the sensitivity to occluded peroneal 
arteries fell below 80%, while, similar to the study by 
Karacagil et al., 15 a dro p was also seen in specificity. 
Cossman et al. 9 reported that 27% of tibio-peroneal 
segments went unseen by ultrasound and in this study, 
this segment produced a decrease in Kappa levels to 
0.43. The peroneal artery is the deepest infrapopliteal 
artery when viewed by ultrasound and therefore cre- 
ates greater attenuation of ultrasound signals and 
increased problems with angle. 
By contrast, best results were obtained from the 
anterior tibial artery which is often visualised su- 
perficially. Ultrasound proved 83% sensitive and 84% 
specific to AT occlusions: almost precisely the figures 
quoted by Caster et al. 11 
In summary, moderate levels of agreement were 
achieved between ultrasonography and arteriography 
for distinguishing patent, stenosed and occluded run- 
off arteries. More importantly, the levels of agreement 
obtained were not significantly different to those of two 
radiologists reading the same arteriograms. Although 
directly comparable results are not yet available, evid- 
ence so far would suggest hat the user variability 
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(a) 
- PT occlusion 
- Diffusely diseased peroneal artery 
Fig. 1. Demonstration fperfect agreement between (a) a colour duplex scan and (b) an arteriogram for the infrapopliteal arteries. An 
example of an occluded PT and a diffusely diseased peroneal artery. 
associated with ultrasound is insignificant. In par- 
ticular, single velocity ratio measurements are quoted 
as having an associated error around 20%9 Having 
said this, important limitations of ultrasound o exist 
and, in certain cases of severe lower-l imb oedema or 
excessive arterial calcification, imaging of the smaller 
distal arteries may prove impossible. A trend towards 
false negatives was observed from ultrasound ex- 
aminations, though previous studies have suggested 
that this is due more to an "overestimation" of disease 
by angiography rather than an underestimation by 
ultrasonograply. 8'14'1s'19 Collier et aI. 8, in particular, re- 
ported that patent arteries identified at operation con- 
f irmed previous ultrasound assessments, but 
contradicted preceding angiographic studies which 
had indicated the arteries to be occluded. Angiography 
and its limitations have been well documented 4'8'21 and, 
as evident from our results, demonstrate a significant 
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Short 
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~____ PT becomes very 
small in lower calf 
(a) 
Fig. 2. An example of angiographic underfilling. Although good agreement between (a) the colour duplex scan and (b) the arteriogram 
is seen for the SFA lesion, there is disagreement regarding the patency ofthe PT artery. 
inter-observer ror. Since arteriography does not pro- 
vide a true "gold standard", further studies should 
perhaps compare ultrasonographic with surgical find- 
ings, and such a study is ongoing at our institution. 
Despite these limitations, the current study suggests 
that assessment of the infrapopliteal vasculature by 
ultrasonography appears to be an effective re- 
placement of arteriography for the majority of patients. 
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